INTRODUCTION
Recognition of a global market for palm heart and the availability of techniques for planting, handling and processing of peach palm (Bactris gasipaes Kunth) for palm heart, has generated a great increase in its cultivation and studies since 1990 (CLEMENT & BOVI, 2000) . Collection of palm heart through extractivism has reduced the natural reserves of 'açaí' and 'juçara' palms, being the peach palm an excellent option to obtain planted palm heart, besides decreasing the pressure of the extractive exploitation on these two palms, it has a high degree of tillering and does not show postharvest oxidation (RODRIGUES et al. 2017) .
In general, the species has great genetic variability yet poorly characterized (MARTEL et al., 2003) . According to MORA URPI & CLEMENT (1988) and SOUSA et al. (2001) , the peach palm was subdivided into primitive races formed by individuals that possess a set of morphological and functional characteristics transmitted by inheritance, and which were created by the first peoples of Bergo et al. Amazon in thousands of years of domestication. Also according to these authors, in Brazil, along the Solimões and Amazon Rivers, three primitive breeds were proposed, using as main criterion of segregation fruts size. One of these is the Putumayo (macrocarpa) race, located along the upper Solimões River and adjacent areas in Colombia and Peru, which has large, starchy fruits.
Although the Putumayo race has originally been domesticated for production of fruits for human consumption, CLEMENT & BOVI (1999) affirmed that its seeds, originated from progenies selected for palm heart production, have been used in the formation of commercial peach palm plantations in different regions of Brazil. In this context, according to the same authors, knowing the methods of cultivation and the ideal genetic material for each environment is essential for the proper use of the species, both for agronomic traits and for determination of the selection criteria.
Thus, the study of genetic parameters is fundamental in the design of the most efficient strategies for gains in production and yield. Studies have estimated genetic parameters of several species of palma of commercial interest (FARIAS NETO et al., 2004; OLIVEIRA & MOURA, 2010; MANFIO et al., 2011) , including peach palm (FARIAS NETO & RESENDE, 2001; FARIAS NETO et al., 2013; KHALIL FILHO & RESENDE, 2011 , PADILHA et al., 2003 . In the state of Acre, experiments with peach palm progenies are in progress (BERGO et al., 2013 , NEGREIROS et al., 2013 , which has provided the basis for selection of superior plants with consequent improvement of species. The objective of this study was to estimate genetic parameters for characters of palm heart production in half-sibs progenies of peach palm in the Brazilian Western Amazon.
MATERIALs AND METHODs
The half-sibs progenies test was installed in the experimental field of Embrapa Acre, Rio Branco, AC (10º1'30" S, 67º42'18" W, about 160 m above sea level). The climate is Awi, hot and humid, according to Köppen classification, with annual average rainfall of 1,940 mm, maximum and minimum temperatures of 31 °C and 21°C respectively, and relative humidity around 80% (INMET, 2017) .
The soil of the experimental area is classified as Red Dystrophic aluminum Ultisol (SANTOS et al., 2013) , with the following chemical and physical attributes of the layer from 0 to 0.2 m: pH in water: 4.9; Organic C: 11.1 g kg -1 ; P: 2.56 mg . Seeds for the test containing 20 halfsibs progenies of peach palm (only from known matrices) were collected at a commercial planting of the Reca project (Reflorestamento Econômico Consorciado Adensado/ Economic Reforestation Dense Consortium), located in Vila Nova California, RO. Seeds that gave rise to the commercial planting of Reca came from Peru, Yurimaguas. In commercial planting, we selected matrices with no spikes in the stipe and internodes above 20 cm to 1.2 m height from ground level.
The experimental design was randomized complete block with 20 treatments (progenies), 40 replicates, and the experimental plot consisted of a single plant. The experiment was conducted at spacing of 2.0 m x 1.0 m, without irrigation. Soil liming was not performed. In the planting the pits were fertilized with 2 kg of corral manure and 45 g of triple superphosphate. At 60 and 105 days post-planting were applied 25 g of ammonium sulfate and 15 g of potassium chloride. From the second year, plants were fertilized at the beginning (September), middle (January) and end of the rains (May), with 60 g of ammonium sulphate and 10 g of potassium chloride.
In the first year of planting weed control was done by manual crown and mechanized weeding between the lines. After the first year, only mechanized weeding were done between the rows.
During seven cycles of palm heart production (from 2008 to 2014) the following characters were evaluated: palm heart total mass (PT), mass of palm heart base (PB), mass of the firstrate palm heart/stalks (FP), mass of the second-rate palm heart (SP), all in g; diameter of the first-rate palm heart (D) in mm; number of stalks per palm heart (NS) and number of palm hearts per plant (NP), which represents the number of palm hearts extracted from a tussock. Mass of the second-rate palm heart represents the fractions of 9 cm stalks added to the mass of the basal and apical residue.
The data were analyzed by the methodology of mixed models REML/BLUP (Restricted Maximum Likelihood/Best Linear Unbiased Prediction), using deviance analysis to test effects of the model based on the Likelihood Ratio Test (LRT) (RESENDE, 2016) . The model used was: y = Xm + Za + Tp + e, where y is the data vector, m the vector of measurement-repetition combination effects added to the general mean (considered fixed), a the vector of individual additive genetic effects (random), p the vector of individual permanent (random) effects through measurements, and e the residue vector. Capital letters represent the incidence matrices for these effects (RESENDE, 2002) .
All parameters were determined according to RESENDE (2002) . Individual narrow-sense heritability (h , where m is the number of measurements.
The number of measurements required (m) of each character to predict the actual value of genotypes, based on the predetermined coefficients of determination of 70%, 80% and 90%, was calculated by:
, where R 2 is the coefficient of determination. Genetic and phenotypic correlations were obtained from the phenotypic and genotypic values, and tested at 5% and probability using Student's t-test. All analyzes were performed by Selegen-REML/BLUP software (RESENDE, 2016) .
REsULTs AND DIsCUssION
The estimates of variance components and genetic parameters of palm heart production characters of half-sibs progenies of peach palm can be seen in Table 1 . The average of palm heart total mass per hectare (PT) obtained is considered high (3,412 kg ha -1 year -1 ), being higher than the averages observed in the coast of São Paulo, by BOVI et al. (2004) , which obtained less than 2,000 kg ha -1 (expected average productivity) with limestone application in the production area. The average production of firstrate palm heart (FP), that is, of stalks, was 964 kg ha , both in the Amazon region. These two characters are of great interest in the selection process, since the total mass of the palm heart is linked directly with the commercialization in the form of first-rate palm heart or stalks, which, according to CLEMENT & BOVI (2000) , determines the "quality of export" and also the chopped extracted from the basal part of the palm heart (KALIL FILHO et al., 2010) . In addition to composing the characters of production, these two forms of sale are those that most affect the commercial viability of the crop (CORDEIRO & SILVA, 2010) .
The genetic effects were significant (P≤0.05) for the characters palm heart total mass (PT), mass of palm heart base (PB), first-rate palm heart/ stalks (FP), diameter of the first-rate palm heart (D) and number of palm hearts per plant (NP) ( Table  1 ). There were not significant differences among progenies for the remaining characters. Estimates of individual additive genetic variance (σ ). These results indicated that, in general, the characters evaluated were highly influenced by the environment conditions, mainly by those with a temporary effect, such as climatic conditions and management. Moreover, they showed low genetic variability of the study population, probably due to the various selection cycles by which the original population has passed and possibly to common origin (CLEMENT & BOVI, 1999) .
With the exception of the number of palm hearts per plant (NP), the permanent environment effects were significant for all other characters, which suggested the existence of specific environmental conditions that favored the development of plants in some plots. According to VIANA & RESENDE (2014) , the permanent effects, or of plot, begin to act after planting and remain during the evaluations. This occurs, for example, due to soil structure and fertility, and microclimate in the plot. Thus, the lack of significance for the NP indicated that the permanent environment had less punctual influence in this character.
The coefficients of determination of the permanent effects (c ), indicating that the environmental variation; although significant, was low from year to year for most of the characters.
Estimates of individual narrow-sense heritability (h for the palm heart mass character in peach palm trees evaluated in Paraná were reported by KALIL FILHO & RESENDE (2011) . Except for plant height and palm heart size, FARIAS NETO & RESENDE (2001) also obtained low estimates of heritability for characters of palm heart production in Amapá. According to the latter authors, a possible cause for low heritability estimates Table 1 -Estimates of variance components and genetic parameters of characters such as, palm heart total mass (PT), mass of palm heart base (PB), mass of the first-rate palm heart/stalks (FP), mass of the second-rate palm heart (SP), diameter of the first-rate palm heart (D), number of palm hearts per plant (NP), number of stalks per palm heart (NS) of an experiment with 20 half-sibs progenies of peach palm. may be related to the narrow genetic base of the population evaluated, also coming from Yurimaguas and from previous selection cycles ( CLEMENT & BOVI, 1999) . In fact, this narrow genetic base may explain the low estimates of σ 2 a and h 2 a obtained, since the progenies of this experiment come from a single planting area of the RECA project, which also comes from Yurimaguas seeds in Peru.
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There is no information of the genetic variability of the mentioned base population and, according to ARAÚJO et al. (2010) and SOUSA et al. (2001) , the peach palm tree tends to show a spatial genetic structure according to the Amazon regions of origin. KALIL commented that the genetic factors have a direct influence on the quality of palm heart, and the geographic distance is an indicative of the genetic distance of the populations due to the selection pressures applied in each peach palm population. Thus, the importance of effective population size in genetic improvement is critical, since it may lead to the occurrence of genetic drift and inbreeding increased, and should be kept at a safe level at each sampling to avoid favorable alleles loss to be fixed (ARANTES et al., 2010 , RESENDE, 2002 . So, the 20 progenies evaluated in this study may not have been enough to capture the genetic variability of the original population, suggesting an increase in the collection area and in the number of plants to be studied.
Selective accuracy (Ac) refers to the correlation between the predicted genetic values and the true genetic values of individuals (RESENDE, 2002) . According to VIANA & RESENDE (2014) , accuracies greater than 70% are desirable in the initial and intermediate stages of breeding. In this study, except for the NS character, accuracy was obtained with values above 70% for all other characters.
Coefficients of genetic variation (CV g ) were lower than the coefficients of residual variation (CV e ) for all the characters. Thus, the coefficient of relative variation for the evaluated characters was lower than the unit, indicating little possibility of obtaining genetic gains with the selection of genotypes (VENCOVSKY, 1987) .
In perennial species, it is expected that the initial superiority after the selection of a given genotype persists through the whole cycle, that is, high repeatability of the interest characters is expected (RESENDE, 2002) . Estimates of individual repeatability (r) were low, ranging from 0.04 to 0.16 for NS and diameter of the first-rate palm heart (D) characters, respectively (Table 1) . Based on these values of r it was possible to estimate the need of more than 20 measurements for all the characters to obtain a coefficient of determination (R 2 ) of 80%. Low repeatability estimates reflect the low additive variance compared to the residual variance, confirming the difficulties in selecting superior genotypes based on few measurements with only individual information. The large number of measurements required for most of the characters obtained in the present study becomes impractical in peach palm breeding programs, even with the increase of efficiency and selective accuracy, observed with the increase in the number of measurements (Table 1 ).
An alternative for the improvement of this peach palm tree population is the individual BLUP with repeated measures, which combines the information of the individual in the seven cutting cycles and the average of its family.
In Belém, in the state of Pará, PADILHA et al. (2003) also observed low repeatability for characters of palm heart production in the initial phase of breeding, which suggested irregularity in the superiority of the plants from one year to the other. In contrast, BERGO et al. (2013) and FARIAS NETO et al. (2002) obtained higher values of repeatability, with three to seven cycles of measurements indicated as sufficient to predict the real value of the palm heart production characters, with coefficient of determination higher than 85%.
The majority of the phenotypic correlations were of low magnitude (Table 2) , indicating the difficulty of the indirect selection practice using this type of data. BERGO et al. (2013) and PADILHA et al. (2003) also reported difficulties in the selection of desirable individuals considering only the phenotypic characters for the species, which highlighted the importance of the use of genetic information in populations of lower variability. PB presented high phenotypic correlations with NS and SP (0.962 and 0.801, respectively), while FP presented a high correlation with SP (0.865). Moderate phenotypic correlations were obtained by the combinations FP x PB (0.786), FP x NS (0.698) and NS x SP (0.652), all significant. Regarding genotype correlations, in general, higher values were reported between palm heart mass characters and moderate correlations between NP and PT, PB and NS characters (above 0.739, all significant). Results of the genotypic correlations indicated that both NS with low accuracy and NP could be used for indirect selection for PT and PB. The NP, to be easily measured, becomes an interesting character for indirect selection aiming the productive increase of palm heart. : not significant by Student's t-test at 5% probability; PT: palm heart total mass; PB: mass of palm heart base; NS: number of stalks per palm heart; FP: mass of the first-rate palm heart/stalks; SP: mass of the second-rate palm heart; D: diameter of the first-rate palm heart; NP: number of palm hearts per plant.
